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more th^A one DNA sequence selected from the group consisting of a DNA sequence encoding a 

i 

Dengue (virus serotype 1 NS-1 antigen, a DNA sequence encoding a Dengue virus serotype 2 

NS-1 an|t: gen, a DNA sequence encoding a Dengue virus serotype 3 NS-1 antigen, and a DNA 

i 

sequences encoding a Dengue virus serotype 4 NS-1 antigen. 



38 



37 comjj) 
sequencjes 



Dengue; 



NS-1 antjigen 



(Amended) The recombinant Modified Vaccinia Ankara (MVA) virus of Claim 
a DNA sequence encoding a Dengue vims serotype 1 NS-1 antigen, a DNA 
encoding a Dengue virus serotype 2 NS-1 antigen, a DNA sequence encoding a 
|irus serotype 3 NS-1 antigen, and a DNA sequence encoding a Dengue virus serotype 4 



{prising 




(Claims 15-38 were pending in this application. Claims 29-31 have been cancelled 
withoutj ] prejudice. A marked up version of the amended claims is provided in Appendix I. 

Following entry of the amendments claims 15-28 and 32-38 will be pending and at issue. A 

j 

clean ctjjpy of all claims pending with this response is provided in Appendix H Reconsideration 

i 

of the application in view of the above amendments and following remarks is respectfully 

requested. 

i 

ALLOWABLE SUBJECT MATTER 

j 

jApplicant acknowledges the Examiner's allowance of Claims 27, 28, and 32. 

SUPPORT FOR AMENDMENTS TO THE CLAIMS 

! 1 

! Claim 15 has been amended to include the term "homologous" to more clearly define 

i 

Applicant's invention: a single recombinant MVA virus comprising more than one homologous 
DNA Sequence from more than one Dengue virus serotype, and use of the said recombinant virus 
as a vajccine. Support for the term "homologous" can be found throughout the specification as 

filed, ^.j?., page 9, last two paragraphs, 

i 
! 

Claim 18 5 27, 33, 37, and 38 are amended to correct inadvertent and/or typographical 
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Client Docket No: BN 12 PCT-US 



ie amendments to the claims therefore add no new matter 



:cr 



REJECTIONS UNDER 35 U-S.C. § 112, FIRST PARAGRAPH 

daims 29-3 1 are rejected under 35 U.S.C §112, first paragraph, as allegedly containing 
subject matter which was not described in the specification in such a way as to enable one skilled 
in the ait to which it pertains, or with which it is most nearly connected, to make and/or use the 
invention. Without agreeing with the Examiner's rejection but to expedite prosecution of this 

application, Applicant has cancelled Claims 29-31. 

i 
i 

REJECTIONS UNDER 35 U.S.C- § 103 OF CLAIMS 15-17, 19-26, 35, 36 

Claims 15-17, 19-26, 35 and 36 are rejected under 35 U.S.C- 103(a) as allegedly being 
unpatentable over either Sutter et al (C2) or Altenburger (US 5,185,146), in view of Lai et al (US 
5,494,6(7 1), and further in view of either Monath et al (Fields Virology) or Kelly et al (US 
6,074,865), and any of Moss (Seminars in Immunology 2:317-327, 1990) or Paoletti et al (WO 
92/15672) or Nazerian et al (US 5,369,025). Applicant traverses this ground of rejection by 
amendment and argument. 



referents 
modifjj 

k 

I 

Examiiipr 
MVA y« 
or morje 
no reai 
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"hree requirements must be met for a prima facie case of obviousness. First, the prior art 

must teach all the limitations of the claims. Second, there must be a motivation to 
he reference or cpmbine the teachings to produce the claimed invention. Third, a 
reason^le expectation of success is required. Applicant argues that the art cited by the 

does not teach each and every element of Applicant's invention, specifically a single 
ictor comprising two or more homologous DNA sequences coding for antigens from two 
Dengue virus serotypes. Applicant also argues that the prior art teaches that there was 
Enable expectation of success of combining a sinele MVA vector with two or more 
homolbbous sequences coding for antigens from two or more Dengue virus serotypes. Applicant 



notes liflat the Examiner stated that, in view of the combined teachings of the references, the 
invention as a whole is allegedly obvious absent unexpected results . 
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tltie instantly claimed invention is based on a discovery by the Applicant that 

vaccination with a recombinant MVA virus expressing the same antigen from more than one 

Denguejvirus serotype (e.g., at least two homologous antigens, each from a different serotype) 

results i|i immunity against all four serotypes of Dengue virus. Claim 15 has been amended to 

i 

more clearly recite the invention by addition of the term "homologous." Claim 15 is directed to 



a single 



recombinant MVA virus comprising more than one homologous DNA sequence selected 
from a #oup consisting of DNA sequences coding for the same antigens from all four Dengue 
virus serotypes. Claims 16, 17, and 19-26 are dependent on claim 15 and therefore also include 
this limitation. Claims 35 and 36 are directed to a recombinant MVA virus comprising DNA 

sequent coding for E antigens from at least two (Claim 35) and all four (Claim 36) Dengue 

i 

vims sejratype. Therefore, Claims 35 and 36 are also directed to MVA virus comprising more 
that onl homologous DNA sequence (i.e., E antigen) from different Dengue virus serotypes. 



the cited prior art references do not teach all of the elements of the claims, Sutter et 
al relatb; to the use of a recombinant vaccinia vector system as an expression vector. Likewise, 

Altenbi[i]-ger et al relates to the use of MVA as an expression system. Sutter et al and 

i 

Altenbjirger et al generally relate to the use of expression vectors based on vaccinia virus. Moss 
is a geriexal reference relating to the use of recombinant DNA virus vectors for vaccination. 
Although these references teach using a MVA vector, and using an MVA vector for vaccination, 
none tejaches a single MVA vector comprising more than one homologous DNA sequences from 
differeji : Dengue serotypes 

| lleither Lai et al nor Kelly et al teaches a viral based vector comprising more than one 
homoltp sous Dengue virus sequence. Lai et al describes a vaccinia virus expressing only a single 
serotype 4 dengue antigen. This virus can be used as vaccine, which is suitable to induce an 
immui^ response only against dengue virus serotype 4. Similarly, Kelly et al relates to a 
recombinant fragment of a single dengue virus serotype (serotype 2) expressed in abaculovirus; 
the pujified protein expressed in baculovirus is used as antigen for a vaccine. These references 
each teach a viral based vector comprising a single DNA sequence from one Dengue virus 
serotype 

5 
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^ ie Examiner notes that Kelly et al suggests the use of a tetravalent vaccine containing 
antigens :rom all four Dengue virus serotypes. However, Kelly teaches using purified protein 
expressed in baculovirus as antigen; one of skill in the art would assume that Kelly's suggestion 

regardirj^; a tetravalent vaccine is directed to a vaccine of four purified proteins and not a vaccine 

ij 

of four |] NA sequences . Therefore Kelly et al does not teach or suggest a single viral vector 
compri^iig more than one homologous Dengue virus DNA sequence . 

I 

Accordingly, the combination of Sutter et al and/or Altenburger et al and/or Moss and/or 
Lai et al and/or Kelly et al does not include the element of more than one homologous Dengue 
virus DNA sequence . The combination cannot render the claims obvious. 



^lonath et al does not remedy this deficiency. Monath et al relates to vaccination with 
live, attenuated dengue viruses of all four serotypes in order to avoid immune enhancement or 
antibody! dependent enhancement. The Examiner states that Monath provides motivation for 
including multiple dengue serotypes simultaneously. However, Monath does not teach (or 
providej motivation for) combining more than one isolated , homologous DNA sequence from 
different Dengue serotypes in a single viral vector. Instead Monath teaches using complete 
dengue| viruses; in fact, Monath et al notes that induction of immune enhancement or antibody 
dependent enhancement is a serious concern for the use of subunit vaccines (page 1003, column 
1 , last paragraph) and arguably teaches away from using isolated homologous DNA sequences. 

Both Paoletti et al and Nazarian et al relate to viral vectors comprising more than one 
DNA sequence from more than one viral serotype. However, neither reference teaches more 
than or\t\ homologous DNA sequence from more than one viral serotype. Paoletti et al relates to 



the expression of hemagglutinin genes of three serotypes of avian influenza virus in a fowlpox 
virus, hemagglutinin encoding sequences of influenza viruses are extremely variable encoding 
14 different serotypes, wherein the nucleotide sequences of the serotypes vary not only in base 
composition but also in length. Applicant respectfully directs Examiner's attention to page 1359 
from tlju: textbook Fields et al, Virology (1996) 3 rd edition, Lippincott-Raven Publishers, 
Philadelphia attached to this response as Appendix V ("Fields")- Turning the right column the 
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t > 



. . .Since then the nucleotide sequences of RNA segment 4 of all 
known 14 known HA antigenic subtypes and many variants with a 
subtype have been determined, RNA segment 4 ranges from 1742 
to 1778 nucleotides and encodes a polypeptide of 562 to 566 
residues. 

Therefo^, the hemagglutinin genes are not homologous , 

j 

^azarian et al relates to a fowlpox virus recombinant for a sequence encoding the 
glycoprotein B homologue (gBh) of Marek's disease virus (MDV); Nazarian proposes insertion 
of severa l different immunogenic genes of MDV into the viral vector. The different MDV genes 
are not homologous with each other, but rather are named according to their homology to HS V 



genes. Therefore, neither Paoletti et al nor Nazarian et al teach more than one homologous DNA 
sequence from more than one viral serotype, and neither remedies the deficiencies of the 
combination of prior art described above, 

jOoe of skill in the art would have had no expectation of success. Assuming that the 
combination of ait cited against Claims 15-17, 19-26, 35 and 36 does contain all the claim 
elemenjts (and Applicant does not concede that it does), one of skill in the art would have had no 
expectation of success when combining the elements. First, homologous sequences in a single 
MVA jeetor were thought to be unstable. Second, immunization against more than one Dengue 
vims serotype using a single antigen was thought to be dangerous due to immune and/or 
antibocy enhancement. 

Homologous sequences in a single poxviral vector were thought to be unstable. In 

the present invention, more than one homologous DNA sequences (e.g., a PreM Dengue virus 
sequenjee that is 71-77% homologous between the 4 Dengue vims serotypes) are inserted into a 

smgle poxviral vector (e.g., MVA). Prior to Applicant's invention, one of skill in the art would 

i 

have expected that a poxviral vector comprising several homologous sequences would be 

unstable. Applicant respectfully directs the Examiner's attention to the reference Howley et al 

i 

(1996) Gene 172: 233-237, attached to this Response as Appendix HI ("Howley"). According to 
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the insertion of two or three identical sequences into a vaccinia into a vaccinia based 



one 



Thus, 
poxvirall 



Howleyj 

vector rpkults in recombination between the homologous sequences See Howley, Abstract and 
page 237, left column. 



Insertion of genes with VV (vaccinia virus) p7.5 promoters into the 
I4L, J2R, and K1L loci of the same virus produced viable virus 
recombinants even though recombination between these loci could 
be demonstrated. 



of skill would have expected that homologous recombination would occur in a single 
vector comprising more than one homologous sequence. 



(51 



The MVA vector used in the instant application is unstable even without inserted 
homologous sequences. Applicant respectfully directs the Examiner's attention to the reference 
al (1991) Journal of General Virology 72: 1031-1038 attached to this Response as 
ix IV ("Meyer"). According to Meyer, MVA is a highly attenuated virus derived from 
nia virus strain Ankara (CVA) by continuous passaging in chicken embryo fibroblasts, 
t^iis continuous passaging the pox virus becomes unstable and several major deletions in 
genjqme were accumulated. See Meyer, page 1036, right column, lines 2-4, noting "complex 
sequence rearrangements or transpositions" and various deletions. 



Meyer 
Append 
the vacfc 
During 
the 



with th|e 
would 
homolo^o 
possibi|l; 



serious 



againsl 



i 
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(pne of skill in the art would not expect success when combing the unstable MVA vector 
destabilizing effect of multiple homologous sequences in a poxviTal vector. One of skill 
?tpect unpredictable and unstable results. The possible results include loss of one of the 

us sequences and a vector comprising only one antigen sequence. Due to the 
ty of immune and/or antibody enhancement when using a single Dengue virus serotype 
(see beitt>w) the use a such a vector for a vaccine could be dangerous. 



mmunization against more than one Dengue virus serotype was thought to result in 
complications. As discussed in Applicant's earlier response, immunization of a subject 
one Dengue virus subtype may result in antibody-dependent enhancement and/ or 
immurl0 enhancement, when the subject is later infected with a different Dengue virus serotype. 
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Based oH this information, prior to Applicant's invention, the skilled artisan would have believed 
that vacptnation with the same antigen from tow or more Dengue vims serotypes, e.g., 
homoloebus DNA sequences from two or more Dengue virus serotypes, would result in severe 



dependent enhancement and/ or immune enhancement- Indeed, prior art cited by the 



Examinjek Monath et al, teaches that it is essential to use the complete Dengue viruses for 



on to provide a sufficient diversity of antibodies* in order to avoid antibody-dependent 



enhancement and/ or immune enhancement complications that arise from the use of subunit 



For example, see Monath at page 1003, column 1, last paragraph. 



[Thus, Applicant's discovery that vaccination with a recombinant MVA virus expressing 
more than one homologous Dengue virus serotype antigen (e.g,, the same antigen from two or 
more dengue virus serotypes) results in immunity against all four serotypes of Dengue virus 
without complications was an unexpected success. 



jln conclusion, the combination of Sutter et al and/or Altenburger et al and/or Moss 
and/or jljai et al and/or Kelly et al and/or Monath et al and/or Paolotti et al and/or Nazerian et al 
does ncjt include the all the elements of Claim 15, e,g., a single MVA virus comprising more than 

one Dehgue virus DNA sequence wherein the sequences are homologous . Further, the 

i 

combustion of elements in Applicant's invention is an unexpected success in view of the prior 

i 

art teacjhing that MVA is an unstable vector made more unstable by the addition of homologous 
sequenj: ;s. Therefore, a prima facie case of obviousness is not made. Withdrawal of this ground 
of rejection of Claims 15-17, 19-26, 35 and 36 is respectfully requested. 

REJECTIONS UNDER 35 U.S.C. § 103 OF CLAIMS 18 AND 33-38 

I paim 18 was rejected under 35 U.S.C. 103(a) as being allegedly unpatentable over 
either flitter et al (C2) or Altenburger (US 5,185,146), in view of Lai et al (US 5,494,671), and 
either Monath et al (Fields Virology) or Kelly et al (US 6,074,865), and any of Moss or Paoletti 
et al OjVO 92/15672) or Nazerian et al (US 5,369,025), as applied to claims 15-17 and 19-26 
abovej And further in view of further in view of Sutter etal (PNAS 89:10847-1085 1, 1992). 
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Client Docket No: BN 12 PCT-US 

Claims 33-38 were rejected under 35 U.S.C. 103(a) as being allegedly unpatentable over 
either sji ter et al (C2) or Altenburger (US 5,1 85,146), in view of Paoletti et al (5,744,141 and 
5,5 14,3 p) and either Monath et al (Fields Virology) or Kelly et al (US 6,074,865), and any of 

Moss otj taoletti et al (WO 92/15672) or Nazerian et al (US 5,369,025). 

i 

i 

Applicant traverses these rejections for the reasons stated above in response to the 
rejectioji of Claims 15-17, 19-26, 35 and 36. Claim 18 is dependent on Claim 15 and includes 
the samp limitations: a single MVA virus comprising more than one homologous DNA sequence 
from mj>re than one Dengue virus serotype. Claims 33-38 also include these limitations. The 
combinaion of art cited against claim 18 and claims 33-38 includes the art cited against Claims 



15-17 



,i 



19-26, 35 and 36. As discussed below, the additional art cited does not remedy the 
deficiencies regarding the missing claims elements, and does not provide support to rebut 
Applicant's argument of unexpected success. 



virus asj 



Sutter 
Monath 
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utter et al (additional art cited for Claim 18) relates to the use of recombinant MVA 
ii vector for heterologous gene expression. Sutter et al does not teach or suggest a 
recombinant MVA vims comprising more than one homologous Dengue virus serotype antigen 
DNA sequence. Accordingly, Sutter et al does not remedy the deficiency of the combination of 
al and/or Altenburger et al and/or Moss and/or Lai et al and/or Kelly et al and/or 
st al and/or Paolotti et al and/or Nazerian et al. Accordingly, the combination cannot 
render jhe claimed invention obvious. Withdrawal of this ground of rejection is respectfully 
requested. 



Paoletti et al (5,744,141 and 5,514,375, additional ait cited against Claims 33-38) relates 
to a recombinant vaccinia comprising the entire preM, E, and NS-1 dengue virus coding 

ps. Paoletti et al does not teach or suggest a recombinant MVA virus comprising more 
homologous Dengue virus serotype antigen DNA sequence. Accordingly, Paoletti et al 



sequent* 

i 

than oti« 

does n<j>1 remedy the deficiency of the combination of Sutter et al and/or Altenburger et al and/or 
Moss air d/or Kelly et al and/or Monath et al and/or Paolotti et al and/or Nazerian et al. 
Accordingly, the combination cannot render the claimed invention obvious. Withdrawal of this 
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rejection is respectfully requested. 

CONCLUSION 



y Withdrawal of the pending rejections and reconsideration of the claims are respectfully 

i 

requested, and a notice of allowance is earnestly solicited. If the Examiner has any questions 

concemjiig this Response, the Examiner is respectfully requested to telephone Applicant's 

i 

representative at (415) 393-2654. 

NOTICE OF FIRM NAME CHANGE 



change^ 



jAgent for Applicant wishes to inform the Office that the name of its firm has been 
to Bingham McCutchen LLP. 



iLp addition, this response is accompanied by an Associate Power of Agent/ Attorney for 

i i 

Susan I^fibl, Ph.D., Patent Agent, to whom all correspondence should be directed. 



j I 

Dated: 'HoV^^f 9^00^ 



Mailing 



Address: 



Respectfully submitted, 



By: 



Susan Hubl, Ph.D., Patent Agent 
Registration No.: 47,668 



T 

Bingham McCutchen, LLP 
Three Embarcadero Center 
San Fraiicisco, California 941 1 1 
Telephone: 415.393.2000 
Telefax!: 415.393.3386 
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Vei sion of the Amendments to the Claims with Markines to Show Changes Made 



^ Amended) A recombinant Modified Vaccinia Askara (MVA) virus comprising more 
jthan one homologous DNA sequence selected from the group consisting of aDNA 

Jssquence encoding a Dengue virus serotype 1 antigen, a DNA sequence encoding a 

i 

pengue virus serotype 2 antigen, a DNA sequence encoding a Dengue virus serotype 3 
Jantigen, and a DNA sequence encoding a Dengue virus serotype 4 antigen. 

[(Amended) The recombinant MVA virus according to Claim 15, wherein the DNA 
sequences axe4s-inserted at the site of one or more naturally occurring deletions within 
tie MVA virus genome. 

(Amended) (Allowed) A composition comprising a first and second component, wherein 
tie first component is a vector comprising more than one DNA sequence selected from 
tie group consisting of a DNA sequence encoding a Dengue virus serotype 1 antigen, a 
jDNA sequence encoding a Dengue virus serotype 2 antigen, a DNA sequence encoding a 
jDengue virus serotype 3 antigen, or a DNA sequence encoding a Dengue vims serotype 4 
jzntigen and wherein the more than one DNA sequences are under the transcriptional 
c ontrol of a T7 RNA polymerase promoter and the second component is a recombinant 
Modified Vaccinia Ankara (MVA) virus comprising a DNA sequence encoding T7 RNA 
polymerase-aad. 

( Cancelled) A m e thod for mounting an immune response in on animal to Dengue vinia 
i nfection - , - tho method comprising administering to th e animaMho composition of Claim 



21457160 



Cancelled) Th e method according to Claim 29, whorcin r thc animal is a human. 
Cancelled) The method of Claim 29 wherein th e first component - is administered prior to 



: ho second oomponcnt. comprising moro than one pr e DNA sequ e nce selected from th e 
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33. 



37. 



38. 



U.S.S.N-: 09/147,919 
Attorney Docket No.: 20239-703 
Client Docket No: BN 12 PCT-US 
(Amended) A recombinant Modified Vaccinia Ankara (MVA) virus comprising more 

|fyan one DNA sequence selected from the group consisting of a DNA sequence encoding 

Dengue virus serotype 1 preM antigen, a DNA sequence encoding a Dengue virus 



Serotype 2 preM antigen, a DNA sequence encoding a Dengue virus serotype 3 preM 
;mtigen, and a DNA sequence encoding a Dengue vims serotype 4 preM antigen. 
^\mended) A recombinant Modified Vaccinia Ankara (MVA) virus comprising more 

Ihan one DNA sequence selected from the group consisting of a DNA sequence encoding 
l Dengue virus serotype 1 NS-1 antigen, a DNA sequence encoding a Dengue virus 
i ! 

serotype 2 NS-1 antigen, a DNA sequence encoding a Dengue virus serotype 3 NS-1 
antigen, and a DNA sequence encoding a Dengue virus serotype 4NS-1 antigen. 
^Amended) The recombinant Modified Vaccinia Ankara (MVA) virus of Claim ££-37 
omprising a DNA sequence encoding a Dengue virus serotype I NS-1 antigen, a DNA 
sequence encoding a Dengue virus serotype 2 NS-1 antigen, a DNA sequence encoding a 
Dengue virus serotype 3 NS-1 antigen, and a DNA sequence encoding a Dengue virus 
ssrotype_4 NS-1 antigen. 
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owley et al (1996) Gene 172: 233-237 
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SUMMARY 



^"Ste^ wh : ch • nables iwssri " ion *■ 

rom.^ li , '"•""^-'""Odmg eene) through co-insertion of a GVS selection marker. «r VV recombinant 
^tioo procure si „ee iL^ZT^^^^llZ^ZtZ 

viable vim* riX^k- ♦ i_ prumoters into tne /4£, /?J{ and K1L loci or the same v rus produced 



INTRODUCTION 



Vaccinja vijus (VV), the proiotype of the poxvirus 
family, has beebne a very useful and versatile mammalian 
expression vecWr which has been applied to solve funda- 
mental problems in biology and in the development or 
recombinant (re-)DNA vaccines (Moss, 1990- i»> 
Mackett, 1990}. VV has a large (ap ? rox. 190 kb) double" 
stranded DNA genome containing a number of non- 
essential genes^Goebel et al, 1990; Johnson et al., 1993) 
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into which foreign sequences fused to a VV promoter can 
be inserted by homologous recombination. The most 
popular site for insertion has been the thymidine kinase- 
encoding gene (rfc, the J2R locus), for which the re-virus 
can be selected on tk~ cells in the presence of 
5'-bromodeoxyufidine (Mackett et aU 1984) 

Insertion into other non-essential VV genes is not asso- 
ciated with a convenient selection procedure. This obsta- 
cle can be overcome by inserting a selection marker along 
with the foreign gene; examples of such markers are the 
neomycin resistance (Franke et al., 1985) and the 
Escherichia coli (Ec) gene for guanine phosphoribosyl 
transferase (gpt) (Falkner and Moss, 1988; Boyle and 
Coupar, 1988). A very practical reporter gene has been 
the Ec lacZ gene, which enables blue plaque screening 
after the addition of XGal to the medium (ChaJcrabartj, 
1985; Panicali et al„ 1986). 

Our interest has been Ihe insertion of a foreign gene 
into a locus other than tk and the use of a selection 
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the addition of other foreign genes, 
use the 14L locus (the gene encoding 
t of ribonucleotide reductase) as a site 
it has been demonstrated that this 
for viral replication in tissue culture 
These authors found that 14 LT recom- 
laques with the same morphology as 
virus and that they do not require 
Is to multiply, i.e., infection and muhi- 
nt on confluent cell monolayers as 
;ells. For the selection of an I4LT 
reporter gene encoding 0-glucuron- 
:hosen (ihe GUS protein can break- 
fenic substrate XGluc to produce a 
easy detection of the presence of the 
dporter system has been widely used in 
([Jefferson. 1989) and it has also been 
mammalian cells for the selection of 
ovirus recombinants (Jones et aU 
y the isolation of re-Vv on the basis 
pression of GUS has also been'reported 
1995). 
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EXPERIMENTAL AWD DISCUSSION 



(a) Construction oif VV 

The constructibp 
GUS driven by a 
I4L sequences is 
vector was named 



prep of pIVUO 
Gaithersburg, MI) 



turer's instructions Two days later the cells were reco- 



vered and the \ 
dilutions on fresh 



transfer vector 

or our transfer vector containing 
' />7.5-promoter and flanked by VV 
Idlescribed in the legend of Fig. 1. This 
' WV110. 



iw 



(b) Integration of tlie GUS cassette into the UL locus of 

VV J 

ted into the 14L locus of wt 
BHK21 cells with ihe 
Copenhagen straijn at a m.o.i, of about O.J pfu/cell and 
transferring with ^proximately 1 \ig DNA from a mini- 
with LipofectAMINE (Gibco-BRL, 
USA) as described by the manufac- 



V produced was plated after serial 
I1HK21 cells. To detect viral recombi- 



nants producing CUS, infected cells were overlaid one 
day later with 1 % ow melting point agarose containing 
XGluc at a final concentration of 0.2 mg/ml. A number 
of blue stained jjlaques were picked and used lo go 
through Tour cycles of plaque purification until 100% of 
the plaques displayed a blue colour. The new re-virus 
was desisted ™Tvno. An XGluc overlay added to 
BHKK ds inf908 I 'ON, VVIV76 (a re-virus «mt*«in. 




EcoR\ A A A A ATTG A A A A A CTATTCT A ATTTATTGCA C C(a\ 
Fig. I. Plasmid map of P IVH3 (A ) and sequence of ihe synthetic pro- 
moter (B). A: Wp7.5 is ihe VV p7.5.prornotcn Wj» is [he VV early 
synthetic promoter. VV ORFs (I4L. J5L and 161) arc depicted as 
hatched arrows, & Synthetic promoter has EcoRI and C/oT sites at ends 
which were Jigated into pBluescribe before cloning between the EcoKl 
and Kpnl sites of pIVIJO 10 produce pIVj 13 iOa\ site of pIV] io can 
not be cut). The arrows indicate the major transcription start points 
determined by Davison and Moss (1989). Methods: To construct our 
transfer vectors, a 3.1-kb SalhBamHl fragment overlapping a region of 
the W Jfmdlll-I fragment from the 3' end of l4L to the 5' end of I6L 
was subcloned between the A'Ael and BamH\ sites of pPolylll (Lathe 
et ol„ 1987) to produce clone p!VJ02. The CVS sequence from 
pGUSN358-S (Clontech. Palo Alto. CA. USA) *as cut out *iih 
Ncol + EeoRl and doned inio the \4l segment of plV]02 usin* the 
same sites to produce pIVJ09. To express the GUS gene, (be VV 
p7J-promoter was joined io Ihe 5' GUS sequence. First p!Vj09 had 
io be modified by creating an N$i\ site by cutting the vector with Seal 
blunt ending with the Klcnow fragment of £c DNA polymerase and 
then self ligating to produce a unique Ssii site. The VV p7,5-promotcr 
from pTG2131 (Wild et aL 1992) was cloned into pIV109 by ligaiing 
the Pst\ fragment containing the promoter into the Afcil site thus pro- 
ducing plVJlO. P IVii3 was created by excising wixh Kpnl + froRl a 
double-stranded oJigodeoxyribonucleotide sequence (B) thai had been 
synthesized, annealed and ligaied between the £coR) and C/al sites of 
Biucscript KS~ (Stratagene, La JoIIjl CA, USA> and then cloned 
between the £coRl and Kpnl sites of pIVj 10 thereby generating pIVl 13 
(A). The Bluescript imcrmediate was necessary as (he Ch\ site of 
pIVUO would not cut even after transforming the vector into a dam' 
sirain of £c(GM83). ApR. ampicilh'n-resisiance marker. 



To determine if the GUS reporter gene had successfully 
integrated into the I4L locus of the re-WIVj)0 virus 
Southern blot hybridisation experiments were carried out 
on tfindlll-digested DNA isolated from BHK21 inferred 
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Ps GUS P7>£ 

of the rc-VV (C). the mechanism of the recombination events ( AJ and Southern analysis of the re-fl/ndUM fragments (B). A: 
of intracbromosomat recombination events between inversely oriented p7,5-promoters. Only ihe relevant portions of the W 
aractcrisd'c Hindlll (H) sites have been represented. The viral genomes have been folded so as to align the p7,5-prornoters 
' ination. The diagrams showing the crossingover events give rise lo Lhe products which are shown below them. Note thai after 
tation of the intervening viral sequences (dashed line followed by curved line containing an arrowhead indicating an arbitrary 
and the 8.5-kb Hi»4lll fragment containing GUS and part of the I4L gene becomes either a 6.6 or a 6.0-kb fragment (shown 
B: Southern blot of MindlU digested DNA extracted froro 8HR2I cells infected with different VV. Lanes: 1. VV Copenhagen 
V VI VI] 3; 4, VVrVll3NP; 5> WIV113NP/F. (i) vyas hybridised with DIG-labelled 14L DNA probe and (ii) was hybridised 
!S DNA probe. Methods: Total DNA was isolated from 3* W* BHK21 infected cells. One tenth of the DNA samples was 
of HindUl then clectrophoresed on an 0.8% agarose gel followed by Southern blotting onto a positively charged nylon 
Mannheim, Mannhein, Germany). Hybridisation was carried out at 6S'C with digowgenin <DIG)-Iabellcd CVS (NcoI-fcoRI 
■ "-S| or DIO-labcllcd J4L iKpnUXhol fragment from pIVHO) DNA probes ( Boehringer DNA labelling kit). Post hybridisa- 
<Eetection procedure were carried out as described by ihe manufacturer's instructions (Boehringer Luminescem detection kit). C: 
of the vv genome showing the characteristic HinMJ fragments and lhe positions and directions of hcZ % CVS. the measles 
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fnt of VVIVUO. The latter fragment 
be accounted for by insertion of 
sequence into the 6.5-kb HindlU-l frag- 
cjme at the UL locus. Fig. 2B(ii), lane 1 
esence of the GUS gene within the 
-I fragment of the re-virus (note, no 
wt HfndllW fragment; see lane I of 



( c ) Analysis of UNA transcript initiated from a VV early 
synthetic promoter inserted down-stream of GUS 

To see if it wjculd be possible to obtain expression of 
ail S£ 'fj°na:908l 'ONby linking its cDNA sequence tod S 



GUS we inserted downstream from GUS in pIVllO a 
strong early synthetic promoter (Davison and Moss, 
1989). This created pIVU3 (Fig. 1A) which was used to 
integrate GUS and the synthetic promoter into the UL 
locus of the following V V by homologous recombination: 
VV wt strain, a re-VV encoding the measles virus nucleo- 
protein, VVNP (NP inserted into ihe tk gene), and a 
re-VV encoding both the measles virus nucleoprotein and 
phosphoprotein. WNP/P (P gene inserted into the K1L 
locus with a lacZ reporter gene). Blue plaques were 
selected using XGluc, and the new recombinants were 
desienated VVIVH3, VVIVl 13NP and VV1V113NP/P. 
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To assay for eariy transcription from the synthetic pro- 
moter iota] RNA Us isolated from BHK21 cells infected 
for 6h with VVM* VVIV110. VVIV113, VVIV113NP 
and WIV113NP F in the presence of cycloheximide (to 
block late transcription). Fig. 3 shows the results of the 
Northern hybridisa :ion with an I4L probe. A major RNA 
transcript (2.7 kb) c elected in the sample from the Wwt 
infection ( lane I ) corresponds in size to the product of 
transcription frort jthe natural J4L jpromoter (Tengelsen 
et aL 1988). A miror transcript found in samples marked 
with an arrowhead was derived from the readthrough of 
the I4L transcription stop signal and termination at the 



iiso observed by Tengelsen et aL (1988). Infection with 



VVIV110 gave ris 
from the I4L pro 



pared to the naturil I4L transcript due to insertion of 
GUS and a 4,0-kfc RNA species derived from transcrip- 
tion start at the ( >7.5-promoter (lane 2). Transcription 
from the ]atter promoter was generally weaker than 
expected and coulld be due to interference by the closely 
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rioter whose size was enlarged corn- 



stop sequence. This readthrough was 
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positioned 14L promoter. Infection with VVIVH3, 
VVIV113NP and VVIV113NP/P (Fig. 3, lanes 1 4 and 
5) led to the synthesis of a 4.5-kb transcript from the 14L 
promoter and a 3.8-kb transcript from the p7.5-promoter; 
the size of each of these RNAs correlated well with the 
insertions that had been engineered into the 14L gene 
(Fig. 3B). In addition to these two transcripts the last 
three viruses induced the synthesis of a major RNA 
species (l,9kb) originating through transcription from 
the synthetic promoter inserted downstream from GL r 5. 

(d) Analysis of the recombination events involving 
multiple ^7.5-promoter$ present in the re-VV 

Viruses VVIVH3, VV1V113NP, and VVIVU3NP. P' 
contained, respectively, one. two and three p7.5- 
promoters used to transcribe the GUS, NP and P genes. 
It should be noted that the VV Copenhagen strain used 
in this work does not contain a natural p7J kDa gene 
found in the WR strain (Goebel et al., 1990). The 
p7.5-promoier in front of GUS is located in the opposite 
orientation on the VV genome to the two p7.5-promoter$ 
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is of the HL transcripts from the various re-vy (A) and a schematic representation showina their predicted sizes (B) V 
anon of $ ug of rotal RNA isolated from BHK21 cells inrected with different VV. Lanes: 1. VV Copenhagen strain; 2, VV1V1 10;- 
13 NP; 5 ? VVIVU3 NF/P. The arrowheads in lanes 1 and 2 show the position of the 141 readthrough transcripts The 
6 h uf.h .h r ,ghtS °J RNA t™*™** flrc in *«* on «» Mexhods: Total RNA was isolated from BHK21 cells infected for 

j i , ' , Kh * " ous yi flJS " ,n lhc P**"* of cycloheximide (O.J mg/ml j. From these RNA ciracis, $ M g was electrophoresed on a 12* acarose 
flel (a standard form al$ehyde/M OPS «rf system) and then Northern blotted onto a positively charged nylon membrane (Boehringe,, HvMdisarion 
was earned out with a ^IG-labdlcd antisensc I4L tK»lM region) RNA probe ( RNA labelling kit. Boehrinecr,. Hybndi w ,i Q n post iSSZ 

wasne?-- r«iCn rtrt , Jure were carried om as described in the D , « ... ,n,nn n . 
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P and P genes (see Fig. 2C). Inter or 
ial recombination between the p7.5- 
of GUS with either the one in front of 
uld result in an inversion of the orienta- 
ening sequences. This would generate 
.ems whose predicied sizes would be 
respectively (Fig.2AJ, which would 
5US and I4L probes. Fragments with 
were actually found as illustrated in 
lanes 4 and 5. Thus, the presence of 
led to one extra ffmdlll fragment 
of three />7.5-prornoter/s led to two extra 
Although these re^viruses contained 
population with variable orientation of 
they still displayed homogenous phe- 
such as the ability to yield 100% blue 
JihfuIIy the NP and P proteins (results 
iduce the synthesis of the predicted tran- 
synthetic promoter (see Fig. 3). The 
in which deletions of essential VV 
«c[curred (for instance via recombination 
-omoters upstream from the P and NP 
(purse be non viable and diluted out 
ication. 
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(e) Conclusions | 

(1) Vectors plj 
allow transfer of j 
New viruses expj 
selection, GUS I 
recombinants in j 
convenient, only 



XGluc. 

(2) The GUS 
transcription rrdnfi 
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of interest. 

(3) Multiple h<}>] 
into different locj 
unstable viral rei 
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110 and pIVH3 were constructed that 
GUS gene into the 14 L locus of VV. 
GUS activity enabling blue plaque 
tlue plaque selection to purify viral 
fur hands has been very reliable and 
involving an agarose overlay with 



expression cassette did not interfere with 
promoters positioned downstream, 
ilieni position to insert a foreign gene 



ipologous promoter sequences inserted 
of W do not produce pheno typically 
[ombinams even though recombination 
homologous sequences does take place, 
been able to construct a VV recombi- 
jr/>7.5-promoters with no adverse con- 
otypic stability. The methods we have 
He useful for further development of VV 
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Different" passages Ahfie vaccinia virus strain Ankara 
(CVA wild-type) dufihg attenuation to MVA (modified 
vaccinia virus Ankara) have been analysed to detect 
alterations in the Igenome,. Physical maps for the 
re. ;tion enzymes] Hindlll and Xhol have been 
established. Six mijpr deletions relative to the wild- 
type strain CVA cjuld be localised. They reduce the 
size of the entire genome from 208 kb (CVA wild-type) 
to 177 kb for the MVA strain. Four deletions occurred 
during the first 382 passages and the resulting variant 
(CVA 382} displays ;m attenuated phenotypc similar to 
that of the MVA at -am. The deletions are located in 
both terminal fragments, affect two-thirds of the host 
range gene KlL knd eliminate 3-5 kb of a highly 
conserved region in] the Hindlll A fragment. During 



the next 190 passages leading to MVA two additional 
deletions appeared. Again, one is located in the left 
terminal fragment, and the other includes the A~type 
inclusion body gene. Neither of the deletions appear to 
participate in further attenuation or the vims. Rescue 
of the partially deleted host range region with the 
corresponding wild-type DNA restored the ability of 
the attenuated strains MVA and CVA 382 to grow In 
some non-permissive tissue cultures, Nevertheless, the 
complete host range oF the wild-type strain was not 
recovered. Also, plaque-forming behaviour and 
reduced virulence were not influenced. From the data 
presented it may be concluded that the partially deleted 
host range gene is "not solely responsible for 
attenuation- 



Introduction 



I 



The use of vaccinia viruses as carriers for foreign genes 
has led to a renewed interest in vaccinia virus research 
(Moss, 1985). Owh^; to side-effects observed during the 
i Upox eradicatiqr campaign there are strong concerns 
about introducing recombinant vaccinia viruses into 
human vaccinator arogrammes (Kaplan, 1989), There* 
Tore recent sludic! have focused on so-called strongly 
attenuated vaccinia vjrus strains and on virus attenu- 
ation. Deletion or insertion of certain DNA sequences, 
as well as bactivajion of single genes have been used to 
demonstrate their jmfluence on virulence (Flexner et aL, 
1937; Koiwal et hi, 19S9; Rodriguez et aL 1 989).. 
Mutants of vaccinia virus with a thymidine kinase- 
negative (TK~) oti ; small plaque phenotype exhibited a 
marked decrease in virulence (Bullcrera/., 1 985; Gong «r 
of-, 1989). Also ihi generation of deletions at the left end 
of the genome cjohtributes to reduced pathogenicity 
(Dallo Sl Esteban, 1987; Koiwal <Sc Moss, 1988;Buller et 
aL, 1988). 



i ftcscnt address; 
of Allergy qndlnfcnu 



0001^065 0 1991 S<j)M 



bonioiy of Vjral Disease*. Nati«ui Institute 
s D (stales. Bclhcsdi. Maryland 20S92. U.S.A. 



However, none of these viruses has been tested 
extensively in a large number of animals. Altcnburgcrcf 
aL (1989) investigated the highly attenuated and well 
characterized strain MVA (modified vaccinia virus 
Ankara), which had been attenuated by Mayr et aL 
(1 975) by more than 570 serial passages in primaiy chick 
embryo fibroblasts (CEFs). The host range of this strain 
is severely restricted as it replicates only ta CEFs. MVA 
has been proven to be avirulent in a variety of animals 
even under immunosuppression (for review see Mayr et 
aL. 1978; Stickl et aL, 1974). It has been used without 
complications in primary vaccinations in over 120000 
humans (Mayr &Danner, 1979). Three major deletions, 
relative to vaccinia virus Western Reserve, have been 
identified so far (Altenburger ci aL t 1989). One affects 
two-thirds of the 32K human host range gene; this gene 
is called the KlL gene following recommended nomen- 
clature (Rosel et aL, 1986). The other deletions arc 
located in the left and right terminal fragments* 

In this study we establish and compare physical maps 
(iffndlll, Xhol and Smal) of MVA (574 passag s), a 
precursor CVA 382 (3S2 passages) and the original wild- 
type vims CVA (two passages on CEFs). Marker rescue 
experiments were conducted to evaluate whether the 
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partially deleted host range gene is responsible for the 
attenuated phenotype. ! 



Methods 



Viruses and celts. Vaccinia viruses ufed far this »tudy were the 
reference strain Eisirce and ihd ; tcond, S22nd and paas«sgc of 
vaccinia virus A nkora on CEF$ ItMayr et a/ M 1975). In the rc*L they arc 
referred to i& CVa wild-type* CVA 382 and MVA respectively. Cell 
cultures used H-cre: CEFs, chick libroblarl LSCC-H-32 (a gift of O. R< 
Ka*dcn, Munich, Germany), bovine eiribrychic luns (BEL) cells and 
Mudin-Darby bovine kidney (JvlDBK) c«tls v ihe human Hrfj, MKT 
J A, MRC 5 and Hcp-2 cells, ihJ monkey cell lines Vera and MA 104, 
rabbit kidney (RK, j). equine dbimal (E-denn). mouu DBT ceils nad 
MadiT^Darby canine kidney (MDCK) cells. The CCUi were fcra»-n as 
monolayers in Eagle's basal medium (EMEM) Supplemented witU 5% 
foetal bovine serum. 



jalcd 



Jjdklik 



^intf propago I fan W purifica 
S were infected wilh the app 
virus (I p,f.u. per cell) and incu r 
wzs liberated from cells by freejii 
foMowcd by low spetd cenlrifuj - 
stocks were titrated on CEFs, 
\u« purified IS described by 
(Cztmy 4c Malinel. 1990). Thcjl 
attenuated MVA w« compL 
rec.MVA :\nd rec.CVA 3B2| 
multiplicity of 0-05 p.f.u. per c^l 
occur for 45 min at 37 a C Aft( 
monolayer was wwhed once xfc 
medium (3 X FCS in EM KM) ai \ 
(p i.) N-irus was harvested by frets i 
Virus obtained was Titrated ort f 

Cloning reagents. Viral DnJ 
cleaved *fch rcsirieiion cnzymc(s 
heirn and used a* specified by ... 
restriction endanocleates HinA 
Southern blat hybridization 
fitnin labelling and deieciiorJ 
r«:rictfcn site mapping, ~ 



A were cloned by stand* 



sequel ccs 



V. harmacia/LKB) usinj T* 
Laboratories CBRLtt Tranfft 
bacteria, nrain DHSa (Q\ 
(1935). Plasmid DNA *as isol; 
Doiy (1979), T 



rescue. The 5-2 kb 
spanning the KJL host ran E c 



i. For the preparation of viral stocks 
'oprialc plague-purified (three liracs) 
for 2 \o 2 days at 37 "C. The virus 
ng and thawing and brief sonicaiton 
tion to remove cellular debris. Virus 
stored in allquols at —70 'C. Virus 
0962} with some modifications 
tost rajiec of CVa wild-type and the 
red «.j^h Ihe recombinant virase* 

by infecting cell monolayers at a 
Adsorption of vinji was allowed lo 
r removal of ih* inoculum, the cell 
h EM EM end incubated with fresh 
17 *C Al 0, 4$ and 72 h posi-infectioa 
i ng and thawing and brief sonicaiian. 
CEFs. 



IK 



ivas isolated from purified virions and 
purchased from Bocbringer Mann- 
manufacwer. Physical maps for the 
* XhoX and Jmdl were esrabllshcd by 
imiaiis ei 19S2) urinfi the Dieox^ 
|ystcm CBoehringcf Mannheim). For 
of CVA wild-type. CVA 3fi2 and 
procedures into the vector pT2l9R 
ligasc [GiheoyBclHesda Research 
r^alion of coinpcicni Esdienchfo e&U 
bcoylBIRL). was done according to Haxuhan 
led by the procedure of Bimboira & 



£eoRf fmsmcpi of CVA ^ild-typc, 
„ ejene (Gflhrd ti aL 1985), was cbned. 
- arfcer rescue experimcnis w ( ;f t done on the E-dcrm cell line which is 
non-pcrmissivc for the axtciiiated strains MVA and CVA 582. 
Subconfluem cells, infected w^t , 0«05 p.r.u. of cither MVA or CVA 382 
*evc innifccLcd with ra iciunj| ^hosphate-prrcipitated pl«m»d DNA . 
(pTZ 5.2) according to Graham & van der Eb (1973). After 90 min or 
adsorption fresh medium w« iddcd to the ceils and incubation was 
continued Tor 3 w 5 dayi. R|e<^mbinat1on events could be delected 
easily by a developing c.p.c, / Tier plaque purifiwiion, DNA or ihc 
f ^^ iniml vinJSC1 rcc WV ^ and rec.CV/\ 362 *a analysed wj^ 

Maine experiments, for \) 
female NMRI trtkc and 2- 
were inoculated cither i 



ihc< 

13 



pcrimtnts. approximulely 6 -week -old 
3-day-oId baby mice were used. Miec 
intrap«jr3ioneally (i.p.) wiih 3 x J(T or Iniracran- 



ially (i.e.) wiih 2 * ICT TC!D i0 , buby mice v*hh l x IQ5 an(1 j x ^ 
respcclivcly- Vims jlrain* used were MVA, CVA wild-type and 
rec.MVA. 



Results 



Mapping of six mojor deletions 



To demonstrate possible alterations of the geaome 
during continuous propagation we compared the H mdlll 
rcstricLian profiles of CVA wild-iype, CVA 382 and 
MVA (Fig- \a and b\ Compared to CVA wild*type 
DNA a slighrty higher mobility or the largest jy&idiil A 
fragments could be observed in CVA 382 and raore 
prominently in MVA. Additionally the fragments B and 
C migrated faster in CVA 382. Compared to CVA 382 
the si2* of xbe MVA B fragment remained constant, 
whereas Lhe C fragment was again reduced in size. 
Regarding the smaller fragments (Fig. ]b\ two bands 
(2-1 and 1-5 kb) of CVA wild-type were missing in CVA 
382 but an additional fragment (1-0 kb) appeared. The 
existence of a recently identified 0-3 kb Hindlll fragment 
located in the central part of the genome could be 
demonstrated for CVA wild-type, CVA 382 and MVA in 
a polyacryJamidc gel (data not shown). To determine the 
exact size of the entire genome we isolated the largest 
///Vidlll and Xhol fragments from the gel and cleaved 
them with Xhol, Hmdlll or £coRI (data not shown). 
Using M, standards and a digitizer-aided computer 
program (Microgcnie, Beckman) the length of the entire 
genomes adds up to 208 (CVA wild'type), 188 (CVA 3S2) 
and 177 (MVA) kb. ^/ndlll, Xhol and Smal genomic 
maps of CVA wild-type. CVA 382 and MVA were 
determined by cross-hybridi2ations (Fig, 2). The location 
and si2e of six major deletions is indicated by arrow- 
heads. There axe four deletions in the CVA 382 genome 
relative to CVA wild-type, Deletions I (2-9 kb) and IV 
(10-2 kb) are located at the left {HindTll C) and right 
{IIM1U B). end of the viral genome. This could be shown 
by cross-hybridizations using CVA wild-type Xhol 
fragments F, H, M and N as well as CVA 382 Xhol 1, E 
and F (Fig. 2). Deletion II has already been described 
(Aitenburger et aL v 1989) and affects a 55K polypeptide 
as well as two-thirds of the 32K human host range gene 
product. Deletion III is'located at the right*hand side of 
the tfmdlll A fragment and leads to lhe loss of 3-5 kb 
including the only Smol restriction site. Detailed 
restriction site mapping of this region was carried out 
using cloned J5roW-#//idIII fragments from the right 
side of T/fodllJ A of CVA wild-type and CVA 3S2 (Fig. 
3). Although CVA 382 and MVA display a haemagglu- 
Limn-ncgative phenotype (HA"), the baemagglutinin 
gene (Shida, 1986) does not seem lo be affected by this 
deletion > 
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1-5- 



1 

Fig. 1. (a) Electrophoresis o/ 
vaccinia virus Elstrec (lane i ] 
frorn CVA 3S2 (line 2). Cv| 
ladder (Une 5). The digest 



f findlU d: E =sts D rDNAs ffom vaccinia virus M Va (lane 1). CVA 582 (hae 2). CVA wild-lyjje (lane 3) and 
The digcua were cJccirophoreacd on a CVS ^ agarose gel. (5) Electrophoresis of /tfmim dis«u of D>J As 
^ild-iypc (lane 3) and vaccinia vinjs Elsircc Csnc Af r star.dzr ds: HMWi DN A {lane I) and fcb site 
irti ejeaircphoresed on a 1-2% agarose cel. 



I 

After a further 190 passages lcadin* to MVA, two 
idduianal deletions occurred one beir-glocaicd again in 
he ffui&lll C fragment (dcteion V: 4-7 kb). the other in 
*e middle of the HindUl A fragment (deletion VI: 
3-8 1 kb). EcaKl clouts of The ^f/udlll C fragment of MVA 
and CVA 382 were used lo irJap deletion V. This deletion 
.-educes the size o{ the 5-S k a £ccRI fragment, located at 
-he very right end side, to H kb (Fig. 4). Dele Jon VI 
rUmmates sequences or twjo adjacent EcoKJ fragments 

i o J? 2 '° kb) and rcsul 1 5 ' n lhc formation of a new 
1*8 kb fragment (Fig, 4), uU 5 deleting nearly the enLire 
A-type inclusion body S enb (Funahashi el <?/., 198S). 



Marker w;^c o///jc pcnially deleted hen range gene 

Non-permissive E-derm cells were infected with either 
MVA or CVA 3S2 and then transfectcd with plasrnid 
pTZ 5.2, as we had hoped that by directly transferring a 
non-penr.issive cell i; ne only recombinant viruses would 
be able lo rcp!ica;e, allowing easy isolation. In fad, 
accumulation of rounded cells could be seen 2 to 4 days 
after infect ion. Subsequently, virus was isolated and 
after p!aque purification named rcc.MVA and recCVA 
3S2. respectively. However cells infected with MVA or 
CVA 382 alone displayed no cp,e., even after five 
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trig. 2. Physical arrangement ar(a)//»jdUI and (MJftol genome DNa 
fragment of vaccinia virui <h r A wttd-type, CVA 2S2 and MVA. 

, Location and 
r arrowheads. 



F rut menu *fc labelled alphibpcatly According to size 
siic of six major dclclioTU (I Lp VI) arc indicated by a 

j 



M Op 
C N.KF.EI 



CVA Ml I L —T i }L 



Fi£. 3. //fodfll restriction map 
7-8 fcb £«»RI-/ftWIII rrtsnjei' 
hicn\ae*lu\inin fitnc (HA 

3 leb J?tf«W-Wndlil clone 
tocniionordeleiicn HI- Resi 



merits, DNA from reb 
cleaved with fffridlll (Fi 



rec.CVA 382 arc noi shown). Gel electrophoresis 



demonstrated thai th< 



4 1*55 '^.A/MIU 
1 1 ' I ' J 



I 9 



6 Ha gem 
5 



Ddcllto 111 ? 5 U» 



j/fjwll! 



df CVA wild-typo DNA- The done* 
it of CVA vild-iype containing &e 
is compared io the corresponding 

CVA 332- Dished lines indicaLe thd 
ion files arc abbreviated as follows; 1, 
5. ^erf: 6. Sol}. 



CM 



continuous passages. To identify the rearranged frag- 



MVA and rec.CVA 382 was 
g. 5, data for CVA 382; data for 



c eletion had been restored since 



both recombinant viijuses possessed the expected 
Hin6U\ 2'] and 1«5 kb fragments characteristic of CVA 
wild-type 



Phenoryptc characwhaiion 
ltd 



The host range was lesL 
1). CVA wild-type virjii 
range of different cell lii ic* 



on 14 different cell lines (Table 
was able to multiply in a broad 
, Seventy-two hour* p.i., titres 



Os'i^iliifi V i*' Lb 



/ \ 



MVA 



:o lb H *£h 



ATI i 



F1&. #/fl6!] I rcsiriciion map orCVA 382 DNA. Dclcuons V and VI 
in ihc MVA relative to ihc CVA jSZ^cno^ic arc indicated by d«hed 
lines. 



.1 



^ tea 



-2-1 



-15 



Fig- 5- W/ndlll digests of DNA rrom vaccinia *irus MVA (lanes 2 and 
4) and rcwmbinanl rec. MVA Owes 3 aad 5) in a 0^% agarose e d_ Tbc 
dijesis were clccirop horescd Tor 36 h (lanes | 4 2 an<: 3) and ]S h Oancs 
4, £ aiid 6). A/" r $!anda;di : ; }I*4m DNA (lane 1) and size ladder 
(!a»i £3. 

measured on CEFs had usually increased 100- to 3000- 
fold compared to titres at the end of the adsorption 
period. However, CVa wild-type was not able to 
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able 1. Multiplication of vocQtkia 
{VA and recombinant viruses ^r, 
i different cell lines 



Cell type 



CVA m 



;hkk 
CEF 

LSCOH-32 
[umin 
HcL» 
MRC 5 

Hcp-2 
donkey 
Vcfo 
MA 104 

RK 1} 

~m 

j a vine 
BEL 
MDBK 

MDCK 

DBT 



1778- 
100 

1775 
3162 

I0OO 
316 

237 

m 

316 
2 

0-6 



L3531S 

0 

0' 



217 



0-6 



" TKc values represent ihe nuio!c| 
jvec the litres in \\\t cUllurci « itl 
t ST), Not determined. j 



replicate in mouse DBT b 



monkey cell line MA 104} 
virus yields were coTapark 



permissive E-dcrm and RK 
the yield of CVA wild-lyp 



tints CVA w!Jd-rypc* 
MVA and rec. CVA 382 



fcc.MVA rec.CVA 3&2 



16125 
N»t 

4-2 
1-4 
7-5 
42 

56 
177 

3162 

1000 

0-3 

1 



1000O 
NO 

4 
4 

8 
56 

56 
133 

42|7 

1773 

0-2 
N"0 



[he litres obtained iftcr 72 h p.i. 
cad of ifce adsorption period 



bovine MDBK cells. In 



contrast, ihe attenuated stpiin MVA was restricted to. 
primary and permanent cfhick fibroblasts and to the 



Three days after infection 
ole lo the CVA wild-type 



strain or in the case of tUe CEFs 30 times higher. In 
parallel the same experiments were done for the 

MVA and rec.CVA 382. 
1 L and the adjacent gene, 
encoding a 55K protein, extended the host range of the 
recombinant viruses. Virtus yield obtained on non- 



j cells were even higher than 
Vero and Hep-2 cells were 



aJso permissive for multiplication, albeit to a limited 
extent. The existence of thneskinds of infections with the 
recombinant viruses, Le. permissive, seml-pennissive or 
non-pennissive, is clearly illustrated in comparative 
growth curves (Fig. 6). I | 

A ftar infection, pocks pJduccd on the chorioallantoic 
membrane (CAM) of emtjryonated eggs by CVA wild- 
type w C re large with a d^p, central necrosis. On the 
other hand pocks produced ay MVA, CVA 382 as well as 
by the recombinant vimse* tec. MVA and rec.CVA 382 
^ere small, proliferative ind without necrosis. 

Baby mice infected i.pi or i.e. with CVA wild-Type 
died 2 lo 3 days after infak on (Table 2). In contrast, all 
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43 
Time (h) 

Fig* <S. Multiplication of vaccinia virus CVA wild-iypc (Q) and MVA 
(D) « well as recombinants, roc, MVA (■) and rec.CVA 382 (#) in 
three differem cell types: (a) RK U ; (i) HcU; (c) Hep-2_ 



Table 2. Virulence of vaccinia ohvs CVA wild-type. MVA 
and recombinant tec -MVA after i.p. or /.c. inoculation* 





Virus 


No. of 
animal* 


Baby 


CVA^T 


30 


mice 


MVA 


15 




roe. MVA 


30 


Mice 


CVA»t 


10 


6-weeIc 


MVA 


10 




rcc.MVA 


30 



Application Le, Application l.p. 
II! 



30/30 
0/12 
0/30 

0/10 
0/30 



Died 


in 


Died 


30/30 


30/30 


30/30 


0/15 


0/15 


0/15 


0/30 


0/30 


0/30 


3/10 


10/10 


0/10 


0/10 


0/1 0 


0/10 


Q/3C 


0/30 


0/30 



, " V^SL^ "«««>Iai«! dlLer i.p. with 3 x 10« or i.e. wi* 
2 x 10* TCJD.,. iahy n, lcc ix 10> »wi i » l0 * rajKttiveiy. 
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animals in Tectfid with eubcrjMVA or rce.MVA survived 
without any clinical sympta ms. In adult mice all animils 
infected i.e. with wild-type virus showed marked signs of 
illness and three out of 10 died. After i.p. infection all 
animals developed a. generalized infection with multiple 
pocks starting 1 days afiqr infection. Animals infected 
wiih MVA or rec.MVA! never showed any signs of 
illness. 



Discussion 



i i 



In this study we compared the genomes of the strongly 
attenuated strains MVA md CVA 382 with the ancestral 
CVA wild-type strain. We provide evidence that during 
attenuation several altej-i tians in the genome have 
occurred. Owing to limitations of the technology used, 
H- Wions smaller than 0-3 kb are difficult to detect and 
y . -*.it mutations would missed. However, the size of 
six major deletions identified so far adds up to about 
30 kb. In other words, neirly 15 % of the entire genome is 
non-essential for virus replication in vitro* Mutants of 
vaccinia virus strains have been described with as much 
as 21-7 kb of DNA djlcied from the left terminus 
(Dri)lien et ai, 1981; Perkus et n/„ 1989). The sizes we 
determined for the genlomes of CVA wild-type and 
vaccinia virus Elstree (2fj|S and 200 kb respectively) have 
been obtained after subclpavage of isolated large H iridlll 
and Xhol fragments. oW values are higher than data 
from oth«r auihors (Espelslto &Knight, l98S;Mackett& 
Archzrd, 1979). They Determined the she by using 
comigrating X HtndlU fijaements as an Af f marker only. 
However, our results ate confirmed by sequence data 
published recently (Goej><;l ct ai, 1990) and match those 
of Bostock (19SS) who) ietermined genomic sizes by 
pulsed'field electrophoresis. 

Mapping of the deletions and marker rescue experi- 
ments are first steps to defining functions involved in 
attenuation. During thk first 382 passages four major 
deletions could be idenjiSed, decreasing the size of the 
CVA wild-type genon^ from 208 to 188 kb. Two 
deletions (I and IV) i are located in the terminal 
fragments. Neither could be mapped precisely because 
of transposition of sequences (unpublished data). This 
will be the subject of further research. The presence of 
long stretches of non-es; ential DNA near the two ends of 
the genome is staTarTvr explained structural feature of 
the orthopoxviruses (Gangemi & Sharp, 1976; Panicali 
et ai, 1981; Paez ei all 1985). It is assumed that ihese 
sequences encode a var ety of proteins which interact 
with the host (Moyer eh ai, 1980; Moss et al. t 1981; 
Pickup et ci. 1986; KctWal & Mos*, 1988; Smith et al, 
1989). | | 

Therefore deletions W mutations can attenuate virus 



pathogenicity (Puller et ai, 1985; Dallo & Estebtm, 
1987). Additionally both terminal regions can readily 
undergo complex sequence rearrangements or transposi- 
tions during continuous propagation in cell cultures 
(Moycr et nl,, 1980; Esposito ex ai, 1981; Pickup et ai, 
1 9 S4). Deletion II has been described for the MVA strain 
by Altcnburger ef ai (1989) : a 2-6 kb deletion eliminates 
most of the two adjacent 2-1 and 1-5 kb fragments 
resulting in a new 1-0 kb fragment, From our findings it 
is clear that this deletion occurred during the first 382 
passages and remained stable throughout the next 190 
passages leading to MVA. During attenuation, 3-5 kb 
from the right side of the /f/ndlll A fragment have been 
eliminated. Although no deletions or mutations within 
this region have been described so far, it is non-essential 
for replication in vitro* According to Goebel er ai (1990), 
in the vaccinia virus strain Copenhagen these sequences 
contain three proposed open reading frames but their 
function has not been defined. Although CVA 382 
displays an HA" phenotypc in contrast to CVA wild- 
type, the deletion does not affect the baemagglutinin 
gene, Hoveve^ an HA" phenotype can be caused by a 
single point mutation (Shida, 19S6), 

During the next 190 passages two deletions occurred 
and reduced the size from 188 to 178 kb for the MVA 
strain. Once again the left end of the genome was 
affected. Whether this deletion contributes to a further 
decrease in virulence catanot be evaluated because CVA 
3S2 displays the same attenuated phenotype as MVA. 
The second deletion affects the gene encoding the major 
protein of the A-type inclusion body (ATI). Despite the 
morphological absence of ATIs in vaccinia virus 
compared to cowpox % monkeypox or ectroraclia viruses, 
an'andgehically related protein is induced (Kitamoto et 
ai, 1956)* The ATI gene of cowpox vims has been 
mapped and sequenced recently (punahashi et ai, 19SS). 
In vaccinia virus, approximately 400 bp starting at the 
initiation codon of the vaccinia virus ATI gene equiva* 
lent have been sequenced by Patel et ai (1988). 
Compared to the corresponding sequences of cowpox 
virus there are only two bases vhich are different. From 
several conserved restriction enzyme sites the authors 
assume that both ATI genes are probably locaied in the 
same position. Although the ATI gene is one of the most 
strongly expressed genes it is not essential for replication 
in ceH culture (Patel et ai, 1988). Mature viruses are 
occluded into the ATI and it has been assumed that such 
bodies protect the virus during dissemination from 
animal to animal. Our findings are confirmed by the use 
of a monoclonal antibody which was raised against the 
major protein of the ATI and reacts with CVA 382 but 
not with MVA (C. P. Czerny, personal communication). 

To understand more precisely the significance of a 
restricted host range in virulence, marker rescue experi- 
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»ents of ihe hosi range phenotype were undertaken. For 
ur experiments we used an JEcbRI fragment ^hich upon 
iserlion inlO ihtTK gent lottjs of the Copenhagen! host 
ingc mutant restored a wild -type phenotype (Gillard el 

1985). According iq Allchburger et aL (1939) this 
ragmcnt overlaps the entire 1|iost rangfc deletion of the 
4VA strain as <well as sohus undeleted seqofiuces 
anlcing both cuds- In our experiments we transCtcted 
\ VA- or CVA 382-infectcd cills with the corresponding 
•2 kb CVA wild-type fragment. It has been shown thac 
asertion of the KlL gent vjrAich leads to an increased 
.ost range can be used m a selection system for 
ccombinant viruses expressing foreign genes (Perkus et 
7 M 19S9), However, our resulis indicate that insertion of 
he wild-type host range gewi did not restore the wild- 
ype phenotype; in fact the ijeiombinants rec.MVA and 
cr CVA 382 combined properties of the wild-type and 
h -itenuated strain. On tlje one hand their yield on a 
ew cell lines was comparable lo lhat of the CVA wild- 
ype, and on the other hand <t.;p.e M plaque morphology on 
he CAM and complete |a virulence for mice were 
identical to the attenuated strains MVA and CVA 3&Z 
This strongly implies thi: one or more other genes . 
determining the host range of CVA wild-type arc 
affected. One possible ger ( c is the recently identified 
second' host range gene (ORF C7L) which has been 
described for the vaccinia virus Copenhagen strain by 
Pcrkus cr al (1990). Either 1 C7L or the KlL host ranee 
gene is necessary and suftcicnt to allow replication. 
From hybridization data (G, Sutter, unpublished results) 
the C7L gene seems to be ionserved in the MVA strain 
but it is not yet clear whether it is functionally active. In 
cowpox vims a 'third' host n nge gene has been identified 
which is responsible foij multiplication in Chinese 
hamster ovary cells and whhch is independent of the KlL 
**ne (Spehner et ai> 1988). From transfeciion experi- 
i -nts all three host rajnge genes appear to play 
overlapping ro les j n determining replication competence 
on various cell lines, 

From the data obtained marker rescue of the host 
range gene had no effect on the small plaque size 
phenotype and on the pock morphology of the attenuated 
strains. One might speculate whether reduced virulence 
is caused by a restricted ho Jt range and subsequently by 
the inability to multiply in vivo or whether it is related to 
the altered phenotype in cell cultures and on the CAM or 
a combination of both. 

The auihon grr.cfully acknowledge Doris Kronlbaler and Cudnin 
Zoller for technical Assistance. 
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and has several region $ of homology With the 'NP of in- 
fluenza A and B virusies [reviewed in (205)]. 

The Hemagglutinin protein and its Gene 

The' hemagglutinin was originally named because of the 
ability of the virus to agglutinate erythrocytes (136,251) 
by attachment to specific sialic glycoprotein receptors. 
Today we know HA Hes three major roles during the in- 
fluenza virus replicatiive cycle: 

1. HA binds to a siil ic acid-containing receptor on the 
cell surface, bringing about the attachment of a virus 
particle to the cell. 

2. Hemagglutinin \\ responsible for penetration of the 
virus into the cell Cytoplasm by mediating the fusion 
of the membrane of the endocytosed virus particle with 
the endosomal membrane, the consequence of which 
is that viral nucleocapsids are released into the cyto- 
plasm. 

3. Hemagglutinin is i e major antigen of the virus against 
which neutralizing antibodies are produced and in- 
fluenza virus epid<rmics are associated with changes 
in its antigenic structure. 

Hemagglutinin is encoded by RNA segment 4, and the 
polypeptide is synthesized in the endoplasmic reticulum 
(ER) as a single polypeptide HA 0 (M r -76,000). An N-ter- 
minal signal peptide begets the nascent chain to the ER 
membrane and is cleaned by signal peptidase, which makes 
HA a prototype type ij integral membrane protein (Fig, 3). 
The native protein fjor the H3 subtype consists of an 
ectodomain of 512 residues, a carboxyl-terminal proxi- 
mal transmembrane jlomain of 27 residues, and a cyto- 
plasmic tail of 10 riesidues (377). Hemagglutinin is 
co(post)-translationally modified by the addition of up to 
seven oligosaccharide chains added to the ectodomain, 
and three palmitate residues are added by a thioether link- 
age to the three C-terminal proximal cysteine residues 
(264,265,336). The HA spike glycoprotein is a homotrimer 
(401,403,408) of noncovalently linked monomers. An x- 
ray structural determination of both the HA trimer (395, 
396,404,408) and the timer bound to a receptor analogue, 
• sialyl lactose, has be^n obtained (394), as well as a pro- 
teolytic fragment of tihe low pH conformation (46). De- 
pending on the virus strain, host-cell type, and growth con- 
ditions, JiA is uncleaved or cleaved into two 
disulfide-linked chaipk HA, (M, -47,000) and HA, (M, 
•-29,000). Cleavage ii required for the virus to be infec- 
tious and is thus a critical determinant in pathogenicity 
and in the spread of infection [reviewed in (205)]. The 
newly liberated N-tenUnus of HA, (fusion peptide) is hy- 
drophobic, is highly jconserved in HAs of different in- 
fluenza virus strains,! *utid has been implicated as an es- 
sential participant in HA fusion activity. 
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FIG. 3. Schematic representation of the orientation of the in- 
fluenza virus integral membrane proteins HA, NA, and NB. 
See text for details of the individual proteins. 



RNA Segment 4: Gene Structure and HA Amino Acid 
Sequence 

The first gene of influenza virus to have its nucleotide 
sequence determined was HA (305). Since then, the nu- 
cleotide sequences of RNA segment 4 of all 14 known HA 
antigenic subtypes and many variants within a subtype have 
been determined [reviewed in (205,277)]). RNA segment 
4 ranges from 1,742 to 1,778 nucleotides and encodes a 
polypeptide of 562 to 566 residues. The HA, chain is from 
3 1 9 to 326 residues, and HA, is from 22 1 to 222 residues. 
Depending on the subtype, the number of residues lost on 
proteolytic cleavage between HA, and HA, ranges from 
one to six residues. For the A/Aichi/68 H3 subtype, for 
which the x-ray crystallographic structure was obtained, 
the cleaved signal sequence contains 16 residues, native 
HA, contains 328 residues, and HAj contains 221 residues 
(377). A single arginine residue is lost on proteolytic cleav- 
age of HA^ suggesting that two enzymes, a trypsin-like 
enzyme and an exopeptidase of the carboxypeptidase B 
type, are involved in activation of HA (82,101). The de- 
duced amino acid sequence of the influenza B/Lee/40 HA 
has 24% homology to HA, and 39% homology to HA, of 
A/PR/8/34, suggesting a close evolutionary relationship 
between influenza A and B virus HAs (202,203). 

Three-Dimensional Structure of HA 

Although intact HA "spikes" can be isolated from pu- 
rified influenza virions and infected cells by detergent sol- 
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